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Rapid Disclaimer

The development of the RAPID software program was funded under contract by the Federal Aviation
Administration (FAA) and the USAF and is provided to the user as is. Neither the FAA nor the U.S.
Government warrants the merchantability of this software or its fithess for a particular use. Use of RAPID
or its output does not replace or change any part of the repair or alteration approval process. Users of
RAPID must obtain approval of any repair or alteration designed or analyzed with RAPID with the same
procedures as with any other analysis tool. A repair design from RAPID should never supercede that
supplied by the original equipment manufacturer (OEM). RAPID should be considered an alternative
design tool whenever a repair procedure is not provided or is not available from the OEM. In no instance
will the U.S. Government be liable for any damages sustained by the user, or any third party, caused by
or attributed to the use of the RAPID software.






Table of Contents

Page

L. INTRODUCTION . ...ttt 1]
[ B. REQUIREMENTS .....cooviuiititiietitietetiieteetetet ettt ettt teeeseeseseiseseseasesessesessesesessesenssanes 3]
[ B. RAPID PROGRAM NOTES AND LIMITATIONS ...c.ovovoeeeeeeeeeeeeeeeeeeeeeeeeeeeeeereesrenseens 5]
[ B. DOCUMENT CONVENTIONS ......ovoviioeieeieeieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeereeeneeeeeeeneeeseneneenene 7|
[ 5. RAPID SUPPORT SERVICES ......coouioviiiuioeieeeeieeeeeeeeeeeeeeeeeeeeeeeeeeeereeeeeeneereeeeeeensenenennas 9]
RIS e It e e T 9

5.2 RAPID Problem Description FOImM ...........ccccouievieeiienieeiieieeiieeieeeeeeeeeeeeee 10
NN N S O 11
.1 RUIN SCUUD .ttt e e eeeeeeenreeeseseeeeneennrnneess 11

p.2 Choose Destination LOCAtION .......cccuuvviiiiiiiiiiiiiiiiiiiieieeeeiiiiieee e 12

.3 Complete the INStallation .......iooeiii it eeeiieeeeeetreeeeserseeeeeinneeeeeennees 13

.4 Change to 1024 by 768 mode (recommended) ...........ccceeeevieeiiieniieeniiiieeiie e, 14

0.5 PrOSTAM SEUUD ...ovvvviiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeensesnssnnsnnnsnsnnnnnnnsnnnnnnnnns 15

0.5.1 FIle LOCATIONS ......ccooieneeiiiiiiieeeeeeeeiiiiiiieeeeeeeeiieeieeeeeeeeenteeeeeessssesennnerereeseess 15

6.5.2 Generate Commuter Load Spectrum.............coceuvveeeeiuieeeeiiiieeeeiiieeeeveenen 17

0.5.3 USEI TaAbIE ..uuiiiiiiiiiii ettt ettt eeeetteeeeeeteeeeeeureeeeeesneeeeesneeeaanns 19

H.5.4 Program Defaulfs...........cccouiiiiiiiiiiiiiiiiiciie e 20

p.5.5 Organization / Company INFO...........eeeiiiiovieenniiiiiiiiiiieeeiiiiiieieeeeeeeeeeeeeaenns 21

5.5.6 Proprietary StatemMeENt..........cccuuveeeeiuiiieeeiiieeeeeiiieeeeeiieee e eeeeieeeeeeieeeeans 22

AN NN 2 10 24
I RS e 24|

7.2 Opening WINAOW ........c..ocuieiuieiiiiiieiiieetieeiieeieeeiteeteeeiteeteesiteeaeeseteeseessaeeseesseeeseens 25

7.3 OPENING DIESISN.....cciiiiieeiiiiiiiiiiieeeeiiiieeee et eeeeeeeeeeeeeeeeeseeneeereeessssseennnnenees 27

7.4 DeSign Property SNEELS .......eeeeeueieeeeeiieeeeieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeaaeeennees 28

7.4 1 SETTUCTUIC ... aaaaaaaaaaaasssssnsnsssnsnsnsnnnnnn 29

7.4.2 CONTIGUIALION ....ovveveeeeeeeeeeeeeeeeeneeeneeeeeneneneneeeenneeeneeenneennnnnee 31

7.42.1 Antenna INStallations........cooooooeoooeoeoooseoeseee oo eeeoeesenenes 31

[7.4.2.2 FUSElage REPAITS .ooouuueveviieiiiieeiiiiiieeeeeeeeieieeeeeeeeeeeeeeeesanannns 32

R 34

7.4.3.1 Common Repairs and Antenna Installations................................ 34

7.4.3.2 Complex Repairs — Butt and Lap Joints..........ccceeevveeeeueaaaanne.... 35

7. 4.4 CULOUL ......uvvveieiee et e ettt e e et e e e e aeeeeeeeeeeaarraeeeeeeeas 36

7. 4.5 FLAINICS ...vveeeeeeeeeeeeeeeeennenennnnnnnnnnnnnnnnnnnnnnnnen 37

7.4.60 LOTUGEIONS .....vvvveeeeeeeeeiieeieeeeeeeeeeeeeeeeeeeeeeeteeeeeeeeeeeeensreeessseeeeeesnnrrressaaeens 39

7. 4.7 MALETIAL ......ovvviiiiiiiiiiiic e eeeeeeaa s 41

[7.4.7.1 LaVET PrOPEITIES ...voeveveeeveeeeeeeeeeeereeeeereeereeerereeeereneerenensenane 41

il



7.4.7.2 Define FaSteNETS.....c.veeevieeeerieeeeiieeieeeeeeeeeeeee e 41

7.4.7.3 Change Fastener Types on the Drawing ..............cccccooeeeunnnn...... 42
e o A 43

[7.4.8.1 Antenna InStallations...........oooovvouiroiiesisesessssssesssnssssnesesnsenas 43

[7.4.8.2 Fuselage REPAITS ..........occcooovveeereeeoereeeereseeeenerereseenenerernnennen, 45

7.4.8.3 Joint Allowable Calculations (both types):.........cccoeevuvvvvveereeannnnn. 47

RN T Rt s A T T ——— 48
7.5.1 AIrplane Data ..........ceeuieeeiieeeiieeeiieeeeeeee e e s 49

7.5, 2 LL0CAIOM . ettt e ettt e ettt e et eeetbeeenbeeebbeeesbbeeenseeenneeeenneeeanreeas 50

7.5.3 DTA OPHONS ....eeeiiieeiiieeiiieeiieeeiteeeieeeeieeeeteeeeveeeenseeeeeseeensseeensseesnnseeenssens 52

[7.5.4 LLOAA/SIIESS ettt e et eeeteeeeneeeeneeeenneeas 53

7.5.5 ProxXimity Data ..........ccccuuiiiieiniiieieiiiieeeeiiee e 57

7.5.6 RUN ANALYSIS ....oeoiieeiieeeieeeeeeeeee et eveeeeveeeevaeeneeas 59

[7.5.7 RESUILS ..ottt ettt eet e e e ettt e e e eetteeeeeeaseeeeeeabeeeeeanssbaeeeanneeaeanns 62

7.5.7.1 Static Analysis Tabular Results................c.c...cococooevevcevererererrnnnn, 63

7.5.7.2 Damage Tolerance Analysis Tabular Results .........cccuuuuuveenn..... 64

7.5.7.3 Crack Growth Plot............cccvvievuiiieiiiieiiieeiieeeeeeeeeee e 65

7.5.7.4 Residual Strength PIot............ccouvveviieeiiiieiiieeeieeeeeeeeeeee 66

[7.6 REPOTt PLODEITY SHECE ... eereeereereeeereereereesenensanns 67
7.6.1 AIrcraft INFO......ooooiiiiiee e et 68

7.6.2 SUIMIMIATY ...t eeeeeeeaeeeeeeeeeeeeeanreeeeeseeeeeeennrrreesaeeens 69

7.6.3 REPOTT ..o e ettt eeeeeeeettteeraaaeeeeeennnereeeaaaeas 70

B. REFERENCES .........ocvoviovovieeteeietetieeeeeeeeteeeeeeeeeee e eeeseeeseeeseseesenesenesensenersenesensesensane 71
D. APPENDICES........coiiiiiitiieiiiisii ittt 73]
D.1 Appendix A -- Material Database ...........cccccveeiieiiiiniieiiieiieeiieciieeie et 73
D.2 Appendix B -- Fastener Database..............cocvovveuvueviiiiiiiieeiieiiieeeeieeeeiieiieseeeeeeennennenss 75
0.3 Appendix C -- DTA Options — Advanced USer..........cccueeeeveeeereeeeerieeeiieeeieeerveene. 77
0.4 Appendix D -- Description of Analysis Input Files ...........ccccceevveeciveeciveeiieerrann. 79
D.5 Appendix E -- Description Of RAPID.INI Fil€ ... 81
P.6 Appendix F -- Description of Stiffener Effects Regions............cccovvveevveeenierenenen.. 83|

v



1. Introduction

This document provides installation and usage instructions for the Repair Assessment Procedure
and Integrated Design (RAPID) program. This version has a completely new look and feel.
All users should read this manual.

RAPID is a tool for the design and analysis of aircraft structural changes. This version assists
the user in designing an antenna installation as well as the mechanically fastened fuselage skin
repairs with up to three doublers. RAPID performs both static and damage tolerance analyses of
the repair. The static analysis determines if the mounting plates or doublers and fasteners are
statically adequate, while the damage tolerance analysis yields crack growth life and residual
strength.






2. Requirements

The following are the minimum hardware and software requirements for installing and running
the RAPID software:

e Pentium class CPU
e  Windows 95, Windows 98, Windows NT 4.0

e Hard disks with 100 megabytes free disk space. The load spectra, if generated,
require an additional 11 megabytes each.

e 32 megabytes random access memory (RAM) (64 megabytes or more is
preferred).

e 3.5inch 1.44MB floppy disk drive.
e Super VGA, 800 by 600 dpi resolution (1024 by 768 or higher is recommended).

e Mouse or track-ball recommended.






3. RAPID Program Notes and Limitations

This section lists graphical user interface notes and program limitations for the current version of
RAPID. Updated versions of this information will be available in RAPID from the Readme
Information menu item in the Help pull-down menu.






4. Document Conventions

This manual uses the following special fonts:

ALL CAPS
Bold
Italic

Monospace

This type represents file categories or names and disk directories
This type represents application commands, menu items, edit fields, etc.
This type represents string(s) that are found in a file

This type represents text that user types or text as it appears on the
screen.






5. RAPID Support Services

5.1 Telephone Support

For technical assistance, problem reporting, or general questions regarding RAPID, please
contact:

RAPID Project Manager

FAA William J. Hughes Technical Center
Airframe Structures Section, AAR-431
Atlantic City International Airport, NJ 08405
http://aar400.tc.faa.gov/rapid

Any problems or difficulties encountered while running RAPID should be reported. If you
discover any problems with RAPID, fill out the RAPID Problem Description Form supplied in
the subsequent section documenting the events that led up to the problem in RAPID and the
manifestations of the problem. This form should be submitted as soon as the problem is
discovered. The same information may be supplied using e-mail if the user so desires.



5.2 RAPID Problem Description Form

Name: Phone:
Company: FAX:
Address: e-mail:

City, State & Zip Code:

Problem Description:

FAA Use Only

Date Received: Date Validated: Date of Response:
Problem Source (Circle One)

Application
Documentation
Hardware
System Software
Other:

Module Affected: Date Fixed/Incorporated:

Final Disposition:
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6. Installation

6.1 Run Setup

Exit all other Windows programs, insert Disk 1, and then run the setup program. Setup can be
run by double-clicking the icon or by entering the following command at a DOS prompt or in a
“Run...” dialog.

a:\setup

If a previous version of RAPID is already installed, then user created models and data files
should first be backed up, and then the previous version of RAPID should be uninstalled or
removed. Older versions of RAPID which do not include an uninstall utility can be removed by
simply deleting the RAPID directory and its contents. Please note that repair configuration data
files generated by older versions of RAPID may not be compatible with the current version.

After a few moments, the following dialog will appear. Select the Next button to continue.

Ywelcome to the RAPID For Commuters 1.2 Setup
pragram. T hiz proarar will inztall BAPID For
- Commuters 1.2 on pour computer.

[t iz strongly recommended that you exit all windows programs
befare running thiz Setup pragram.

Click Cancel to guit Setup and then cloze any programs you
hawve running. Click Mest to continue with the Setup program.

WARMIMG: This program iz protected by copyright law and
international treaties.

|Inauthorized reproduction or digtribution of this program, or any
portion of it, may result in severe civil and criminal penalties, and
will be prozecuted ta the marimum extent poszsible under law.

Cancel |

11



6.2 Choose Destination Location

Choose Destination Location

Setup will install BAPID For Commuters 1.2 in the following folder.
Toingtall to thiz folder, click Mest.

Toinztall to a different folder, click Browse and zelect another
folder.

Y'ou can chooge not to inztall RAPID For Commuters 1.2 by
clicking Cancel to exit Setup.

— Destination Falder

C:%R apidC Browse. .. |
Cancel |

To install RAPID in the default C:\RapidC\ directory, select the Next button. To install
elsewhere, select the Browse button and enter an alternate directory location.

When installing from disk, a dialog will appear which will prompt the insertion of the next disk.
Simply remove the current disk, insert the requested disk, and press the Enter key on the
keyboard.

12



6.3 Complete the Installation

The following dialog will appear to verify that the installation of RAPID is complete. Click the
OK button to exit the installation procedure. Remove the remaining disk from the floppy drive
and store the disks in a safe location.

Setup Complete

Setup has finizhed installing BAPID For Commuters 1.2 on wour
computer.

W es, | want bo views the LOGOM IMSTRUCTIOMS:

¥ ez, Locate Adobe Acrobat Feader ta view the b anual

'ou muszt review the LOGOM IMSTRUCTIOMS in the Readme
File. Click Finigh to complete Setup

% Back I Finizh I

The RAPID program may then be run by double-clicking on the installed RAPID FOR
COMMUTERS 1.2 program icon. In Windows 95, 98 and Windows NT 4.0, RAPID may also
be run by selecting it from within the Programs section of the Windows Start button.

13



6.4 Change to 1024 by 768 mode (recommended)

Although it is possible to use RAPID with any Windows-compatible display, it is recommended
that a minimum window resolution of 800 by 600 dpi be used so that the windows will fit the
display without the use of scrolling. However, 1024 by 768 or higher provides space to easier
work on multiples configurations. For Windows 95, 98 and Windows NT 4.0, please refer to the
hardware and operating system documentation included with the computer. Typically, the video
mode can be changed through the Settings tab on the Display Properties, accessible from both
the Control Panel, or by clicking the right mouse button on the Windows desktop and then
selecting Properties.

14



6.5 Program Setup

File “iew Help

Mew Chrl+H
Open... Chrl+0

Print Setup...

Program Setup File Lozations. ..
D atabaze Generate Commuter Load Spectium...
Uszer Table...
Program Defaulks. .
E xit CrganizationComparyy...
Proprietary Statement....

Eecent Eile

Figure 6-1

6.5.1 File Locations

RAPID Setup [ x|

— File Locations:

Location

C:\Rapid
C:%Rapid
C:\Rapid

b odify... |

—Adobe Acrobat Reader -- for Dizplaying kM anual

Frogram Mame and Location:

C:AProgram Filezt\Adobehdcrobat 4.00F eadertAcroR d32 exe

Figure 6-2

The data in this dialog can only be changed by the Administrator.

This dialog is accessed from the menu bar with File | Program Setup | File Locations.

15



The file locations are originally determined at the time of the installation. These locations can be modified by
selecting the File to be changed. Mouse click on the “Modify...” button to choose a new Location (subdirectory).

At this time, the Adobe Acrobat Reader must be entered by the user. The program will attempt to locate the Adobe
Acrobat subdirectory. But, because there are so many naming conventions, the user must use the “Browse” button to

select the correct executable.

It is used to display and print the this Manual.

16



6.5.2 Generate Commuter Load Spectrum

Commuter Load 5pectrum

Dezcription

File M ame [nao directary] ITest_Ln:nads.dat

— Properties

. . Cruize Speed
Flight Distance |2':|4 [knntg] |24EI

% Mautical Miles &% Equivalent Airzpeed
" Statute Milez ' True Sispeed

Drezign b a=imum T ake-off YWeight [lbs] |1 G300
YWing Area [zq ft] 450

Cruize Altitude [ft] ISDEIEIEI

b aimnum Dezigned Cruize Altitude [ft] ISEDEIEI

Marminal Mazimum tarking Pressure [psi] |9.3

Sellizeli Delete |

k. I Cancel | Help

Figure 6-3

The data in this dialog can only be changed by the Administrator.
This dialog is accessed from the menu bar with File | Program Setup | Generate Commuter Load Spectrum.

It must be used if the user is going to utilize the capabilities in RAPID with respect to commuter load spectra. This
will generate the load spectrum that is used later to generate the stress spectra and if required the equivalent stress.
Any load spectrum created will be stored in the directory where RAPID resides.

To Add a new spectrum:
1. Start typing in the Description edit field.
2. Give the new spectrum a File Name (no directory --- the program File Locations places it in the correct
subdirectory).
3. Add the properties (using the limits listed below);

The input parameters to generate a commuter load spectrum are as follows:

1. Flight Distance (Miles) ---- Minimum: 1.0 nautical miles, Maximum: 2,500 nautical mile
a. Nautical Miles
b. Statute Miles ---- 1.0 statute mile = 0.8684 nautical mile

2. Cruise Speed (Knots) ---- Minimum: 50 Knots (true airspeed), Maximum: 500 Knots (true airspeed)
a. Equivalent Airspeed ---- program will calculate the true airspeed with given cruise altitude.

17



b. True Airspeed
Design Maximum Take-off Weight (Ibs.) ---- Minimum: 4,000 Ibs., Maximum: 19,000 Ibs.
Wing Area (sq.ft.) ---- Minimum: 150 sq.ft., Maximum: 450 sq.ft.
Cruise Altitude (ft.) ---- Minimum: 100 ft., Maximum: 45,000 ft.
Maximum Cruise Altitude (ft.) ---- Maximum 45,000 ft.
Nominal Maximum Working Pressure (psi) ---- Minimum: 0 psi, Maximum: 10 psi

Nk W

To Edit a Commuter Load Spectrum; select a spectrum from the Description combo box. Make the appropriate
changes in the Properties edit fields. Mouse click the Edit button.
NOTE: If you want to change the File Name; you first must delete the spectrum; then create a new spectrum.

To Delete a Commuter Load Spectrum; select a spectrum from the Description combo box. Mouse click the Delete
button.

18



6.5.3 User Table

Uszer Table

" Usercode Desciption Password

Supervizar Administrative passvvord
ouiest Guest User passvvord

ra | =

3
aq
5
=]
v
g
9
1

=

Cancel Inzert Fow Add Row ElearHle |Delete Fh:uq Help |

Figure 6-4

This table is for use by the Administrator Only.
NOTE: The Supervisor Password needs to be changed after receipt of the program

Usercode --- up to 12 alpha numeric characters

Description --- up to 25 alpha numeric characters

Password --- up to 10 alpha numeric characters

Access --- 1 is Administrator level --- can make changes in the Program Setup. 2 is User level --- has read only to
the Program Setup

Insert Row --- Select the row that you want to Insert Row ahead.
Add Row --- Select the row that you want to Add Row after.
Clear Row --- Clears a row of all entries.

Delete Row --- Delete a row.

The changes are not saved until OK is clicked. Cancel will return the User Table to its last saved state.

19



6.5.4 Program Defaults

Defaults

— Properties
SLANGEEE 04T 3 Clad Sheet
Skin Thickness [ooez =]
Layer kd aterial |2I]24-T3 Clad Sheet
Laver Thicknesz 0.071 -
Faztener Style IN.-‘-‘-.51 097-E

Faztener Diameter IEI.1 avs vI

Faztener Arrangements
Diarmeter

Langitudinal Pitch
Circurnferential Fitch
Longitudinal Edge Distance 0.5

Circurferential Edge Distance 0.5

Antenna Mounting Bolt Diameter 025

k. I Cancel |

Figure 6-5

The data in this dialog can only be changed by the Administrator.
This dialog is accessed from the menu bar with File | Program Setup | Program Defaults.

This dialog allows the administrator to set default values for various design details that are utilized in the repair.

20



6.5.5 Organization / Company Info

Orgamzation / Company Hame | x|

Organization IWE Do Frepairs
Cormpany Mame

Addiess |12345 Wardlow
Address |Suite 304

City IL::ung Beach

State IDE'. Zip IEIEIBEIE

Contact I-Jl:uhn Doe
Phone [562-555-1214

| aF. I Cancel

Figure 6-6

This dialog is accessed from the menu bar with File | Program Setup | Organization/Company Info.

This dialog allows the administrator to record the Organization / Company Info , some of which will be used on
the Report.

21



6.5.6 Proprietary Statement

Proprietary Statement

[Statement - 2

Statement Dezcription

IStatement -1

fdd / Edi Delete |

Statement 1 can be used for Antenna Installations. =]

Enter statement iz this area. Thiz statement will
appear on the reports first page under the General
[nfarmation

k. I Cancel

Figure 6-7

The data in this dialog can only be changed by the Administrator.
The Proprietary Statement is used as a field in the Report. It is not a required field.
The first time this page is used, sample statements will be present.

The top box is a list box containing a list of existing statement descriptions. It is a non-editable field. Picking a
statement in this box will cause the statement information to be displayed in the other 2 edit fields.

The middle edit field is a Description of the statement to be used in the list box above.

The bottom edit box is a multi-line edit field that can be treated as a mini editor for entering the text of the
Statement.

“Add” --- To add a statement, start typing in Description or Statement fields. When finished, “Add” the statement
by clicking on the “Add/Edit” button. The description will be added the list box.

“Edit” --- Only the Statement can be edited, the Description cannot be edited. Make the appropriate changes in the
statement and mouse click on the “Add/Edit” button

To edit the Description, start typing the Description field. When finished, mouse click on the “Add/Edit” button.
This new Description will be added to the box. Then “Delete” the previous Description.

22



“Delete” --- Mouse click on the Description in the top list box; then mouse click the “Delete” button.
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7. Running RAPID

RAPID is run by double-clicking on the installed RAPID For Commuters 1.2 program icon.
RAPID may also be run by selecting it from within the Programs section of the Windows Start
button. When opened, RAPID fills the screen with the RAPID Multi-Document Interface
(MDI). Commonly used tools and options are available both from the icon button bar and from
the pull-down menus. Other options are available only from the pull-down menus. As with most
Windows applications, the pull-down menus can be accessed both by mouse selection and by
holding down the “Alt” key then pressing the key-character of the menu item. (The key-
character is underlined.) For use with a mouse, however, selection is simplified by the icon
button bar. Each button represents a selection available in a pull-down menu. As the mouse
pointer is placed over any of the buttons, a description of the button is displayed in the strip
along the bottom of the RAPID MDI window.

The following figure shows an example of the RAPID MDI with several of the input windows
opened.

7.1 Logon Screen

File “iew Help

D @ Hl| &G &S s ’R

Logon

Usermame I\

Pazsword I

Ok I Cancel |

For Help, press F1

24



The first dialog that appears is the Logon. A guest user can logon with a Username of “guest” (without the quotes)
and a Password of “password” (without the quotes). Other Usernames can be added through the File | Program
Setup | User Table dialog by an administrator.

7.2 Opening Window

RAPID For Commuters
File “iew Help

D@ H|E|E| o s B2

Design

Open
Eisting Cancel

™ Do not show this screen every time RAPID opens

For Help, press F1

Figure 7-1
After the Logon is complete, the user makes chooses New Design, Open Existing Design, or Cancel.

If the user wants to turn off this screen, check the “Do not show” box. In the future, the user will use the standard
Windows File | New or File | Open menu items.

This feature can be turned back on by going to the Help Menu and clicking on the “Show Opening Screen”.

The opening window displays the RAPID Multidocument Interface. All other windows in the RAPID system are
selected from and displayed in this window. The Statusbar (gray strip along the bottom) describes the function of
each button as it is pointed to by the mouse. The Statusbar also gives hints for entries throughout the program

The Toolbar (icon buttons near the top of the window) activates most of the capabilities within RAPID. In every
case, their functions are reproduced by selections within the pull-down menus located on the line above the button
bar. The icon buttons perform the functions listed below. The bold face entries are documented within this section.

25



LJ

i & M &

Starts a New repair.

Opens an existing repair file.

Saves the current repair to a file.

Copies the current window to the Windows clipboard.
Prints the current window.

Activates the Design property sheet.

Activates the Analysis property sheet.

Activates the Report property sheet.

Invokes the on-line Help system.

26



7.3 Opening Design

Rapid - Untitled_2 [_[E]X]
File Edt Miew Design Anzlysis Hepof Window  Help

U=  H|E|&|p s /R
I Untitled_2 : Drawing Window [ Untitled_2 : Design M= B

1 - Structure | 2z Conligurationl - Skin | A [t I S-bHA I 4

" Fuselage Skin Repairs

Close Cancel Apply Help

Far Help, press F1

After choosing either the New or Existing Design, the user will be presented with a “Design” Property Sheet
containing the following pages: Structure, Configuration, Skin, Cutout, Frames, Longerons, Materials, and
Geometry.

After the Structure page is completed and “Applied”, the next page becomes available.

The pages are disabled to force the user to complete the design in a logical way. As each page is completed and
“Applied”, the next page becomes available. Mouse click on the next page to activate it.

“Apply” saves the data in a temporary file. “Close” will also save the data; but will close the “Design” Property
Sheet as well.

If all the required input is not provided then the program will inform the user what is missing and not activate the
next page

NOTE:
As the user progresses through the pages, changes sometimes have to be made on a
previous property sheet or pages. If a change is made, the program advises the user which
pages must be modified or Re-Applied.

27



7.4 Design Property Sheets

Rapid - Example2_rpd
File Edit “iew | Design Analysiz  Beport Window Help
Structure...
Configuration. .

FIRGE NN Skin Properties...

Cutout Infa...

Fastener Legen Frame Info...

Tvmes: Longeron Infa...
g-- Critice Materials...

- NP&SI Geometry...
Moruinal Pite
I_;:un@,tudma Select Object
Cirewraferst  Draw Fastensr
Nominal Edg
Longtudina

Diraw Mounting Bolt

Figure 7-2

This activates the Design Property Sheet containing the pages to create a design. On a new design, only Structure
will be available; the other choices being “grayed out”.

On an existing design, the user can use the menu to navigate rapidly to a particular page.

28



7.4.1 Structure

[ Untitled_2 : Design M= E3

1 - Struchure I 2- Eu:unfiguratiu:unl 3- Skinl - Eutu:uutl Gi-HA I 4 I

& Aptenna nstallations

" Fuzelage Skin Repairs

Close Cancel Apply Help

Figure 7-3
The user selects the design type from the Structure page. This tells the program how to format the subsequent pages.
After the Structure page is completed and “Applied”, the Configuration page becomes available.

The pages are disabled to force the user to complete the design in a logical way. As each page is completed and
“Applied”, the next page becomes available. Mouse click on the next page to activate it.

“Apply” saves the data in a temporary file. “Close” will also save the data; but will close the “Design” Property
Sheet as well.
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R apid

& Applicable Antenna |nstallations Include:
A0F [12" long by B wide by 1" tall]
-GPS (4" by 4" by 05"

-Tranzponder and DME [5* by 2*' by 10"
-TCAS

Figure 7-4

If Antenna Installations is selected and applied, the user will be presented with the above message box showing
which kind of installations are applicable with this version.
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7.4.2 Configuration
There are 2 basic types of Configuration pages. The first type is for Antenna Installations

7.4.2.1 Antenna Installations

Untitled_1 : Design

1 - Stucture 2 - Configuration I 3- Skinl 4 - Eutu:uutl G-FA I 4 I

— &ntenna Installation Configurations ;

¥ Rectangular/Squane
" Circular
™ Elliptic:al
" Sauszage
" Teardiop

== b grimum b ounting Plate Layers iz 1

[ Consider Stiffener Effects

Mourting Bofts

o o o o o o0

fO O O 0O O O

Cancel | Apply I Help

Figure 7-5

The next item in the sequence for Antenna Installations is type of Configuration for the design. The user will
determine which configuration to use and whether the select Consider Stiffener Effects.

After the selections for the configuration are “Applied” then the Skin page is active.
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7.4.2.2 Fuselage Repairs

Untitled_1 : Design
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—

[ Consider Stiffener Effects

Close Cancel Apply Help

Figure 7-6
The next item in the sequence for Fuselage Repairs is type of Configuration for the design.
This window is used to select among the supported fuselage repair types. For the repair type selected, a generic

schematic of the cross section is depicted within the window. Currently, nine repair types are available, as depicted
in the following figure:
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The user will determine which configuration to use and whether the select Consider Stiffener Effects.

After the selections for the configuration are “Applied” then the Skin page is active.
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7.4.3 Skin

7.4.3.1 Common Repairs and Antenna Installations

= Untitled_1 : Design M= B3

1- Strun::turel 2 - Configuration 3 - Skin | LIS Eutn:nutl G- I FI

Repair Type: |1 [ - Rectangular Antenina Installation

Layer ISkin

AN R 24 -T 3 Clad Sheet

Thicknesz IEI,EIES vI i

Close Cancel Apply Help

Figure 7-7

The next item in the sequence is the cutout in the skin. Here the dimensions of the cutout are input, then "Applied"

After the selections for the configuration are applied then the Skin page is active. On this page the material and
thickness of the skin is determined
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7.4.3.2 Complex Repairs — Butt and Lap Joints
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I
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Figure 7-8

This dialog window is used to define the material properties of the skins and joint, and is manually invoked by
clicking with the right mouse button on a skin or joint or by selecting the toolbar icon. If the current Configuration
contains more than one skin or also contains a joint, then the properties for each of those layers must be defined
before the window may be closed with the Close button.

For repairs over splice and butt joints, the geometry must be entered as indicated in the displayed drawing. This
dialog window will display only those fields which are appropriate for the current repair type.

There are different limits as enters are made. The program will advise the user when those limits are violated, and
will make suggestions for entries.

The Close button updates the current model with any information entered in the window and then closes the

window. The Cancel button exits the window without saving any new entries. Finally, the Help button retrieves
help appropriate to this window.
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7.4.4 Cutout

= testZ.rpd : Design M= E3
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Close Cancel Apply Help

Figure 7-9

The next item in the sequence is the Cutout in the skin. Here the dimensions of the cutout are input, then
"Applied".

In the current version, only a single layer of skin may be cutout, except for the type 8 double lap joint repair which
has two overlapping cutouts in the skin lap joint.

There are different limits depending on the type of Configuration. The program will advise the user when those
limits are violated, and will make suggestions for entries.

The Close button updates the current model with any information entered in the window and then closes the

window. The Cancel button exits the window without saving any new entries. Finally, the Help button retrieves
help appropriate to this window.

36



7.4.5 Frames

Mumber of Frames IE [Must have at least 2]

— Properties
MHumber 2 =]
% Left of Center Line ™ Right of Center Line

D 1

Digtance from Cutout Center [in] I'I 1]
derane Bitet o Erameli] ID

Eastenen W feet o Eutaut Eertenin] I

[Erozs-Eechonal Sea (sl im]

i armert ot nertia

[ aterial I

Distance

~,
' - J
T r— CLtout Center

Ay

Pitch

[ test?.rpd : Design M= E3

2 - Configuration I 3 - Skin I 4 - Cutout 5 - Frames | E-LoA I * I

Close | Cancel Apply | Help

Figure 7-10

The frames (stiffeners) around the installation require definition. This is used to identify the location on the design.
A minimum of two frames (stiffeners) is required. If Consider Stiffener Effects is checked in the Configuration
page then the last five fields are active, otherwise they are “grayed” out.

More than 2 frames (stiffeners) can be defined, by increasing the Number of Frames.

As the number is increased, the Number List Box is automatically changed to reflect the total Number of Frames.

The drawing at the bottom of this page indicates where measurements are taken.

Each frame (stiffener) has the following required entries and must be defined:
1. Select the Number to be defined.

Indicated whether it is above or below the Center Line. If it is on the Center Line; pick either one, as the

Distance will be set to 0.

W

4. Enter the Distance from Center Line. Limits are 0.0 to 100.0 inches.
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If Consider Stiffener Effects is checked on the Configuration page, the following are required entries:
1. Average Pitch on Frame. Limits are 0.5 to 2.0 inches.
2. Fastener Offset from Center Line. Limits are 0.0 to 1.5 inches.
3. Cross-Sectional Area. Limits are 0.1 to 2.0 in®
4. Select the Frame (stiffener) Material

Repeat the process for each frame (stiffener).
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7.4.6 Longerons
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Figure 7-11

The longerons around the installation require definition. This is used to identify the location on the design. A
minimum of two longerons is required. If Consider Stiffener Effects is checked in the Configuration page then
the last five fields are active, otherwise they are “grayed” out.

More than 2 longerons can be defined, by increasing the Number of Longerons.
As the number is increased, the Number List Box is automatically changed to reflect the total Number of
Longerons.

The drawing at the bottom of this page indicates where measurements are taken.

Each longeron has the following required entries and must be defined:
1. Select the Number to be defined.
Indicated whether it is above or below the Center Line. If it is on the Center Line; pick either one, as the
Distance will be set to 0.
Enter an ID for the longeron; usually identified by using the aircraft schematic location.
4. Enter the Distance from Center Line. Limits are 0.0 to 50.0 inches.

W
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If Consider Stiffener Effects is checked on the Configuration page, the following are required entries:
1. Average Pitch on Longeron. Limits are 0.5 to 2.0 inches.
2. Fastener Offset from Center Line. Limits are 0.0 to 1.5 inches.
3. Cross-Sectional Area. Limits are 0.1 to 2.0 in®
4. Select the Frame (stiffener) Material

Repeat the process for each longeron.
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7.4.7 Material
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Figure 7-12

The Materials page describes the Layer Properties for each layer of the design and Defines Fasteners used in the
design

7.4.7.1 Layer Properties
The Layer Properties lists all the layers in the design except the Skin layer.

Select the appropriate Material and Thickness for each Layer.

7.4.7.2 Define Fasteners

The user specifies the different types and styles of fasteners in the design using the Define Fasteners dialog.
Fastener types are defined by first entering the number of fastener types desired in the Number of Fastener Types
edit field. The Type Number combobox will automatically be updated to reflect the Number of Fastener Types.
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Style and Diameter must be entered for each Type Number:
1. Select a Type Number.
2. Select a Style to be associated with the Type Number.
3. Select a Diameter for the Style selected.
4. Repeat the process for each Type Number.

7.4.7.3 Change Fastener Types on the Drawing

Fastener Types

Faztener Type -

Style [MAST097-E

Diameter [in] IEI.1 a7h

Figure 7-13

To change fastener types, they must first be defined in the Define Fasteners on the Material page. Any number of
fasteners may be simultaneously changed to a predefined type. Multiple fasteners are selected by click and holding
the left mouse button; then dragging the mouse to draw a rectangle around a group of fasteners. Releasing the
mouse button then toggles the selection state of each of the enclosed fasteners. Subsequently clicking the right
mouse button will invoke the Fastener Types dialog through which the new fastener type may be selected.
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7.4.8 Geometry

There are 2 types of Geometry pages. The first type is for Antenna Installations

7.4.8.1 Antenna Installations
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Figure 7-14

The Geometry page provides the input for the Doubler Dimensions, Bolt and Fastener information, and the exact
locations of the bolts and fasteners. For antenna installation designs, the user is allowed to locate fastener anywhere
within the mounting plate (doubler). All antenna designs must be symmetrical about the x-axis.

You must enter the doubler dimensions before the rest of the dialog becomes available. Depress Show Doubler
Legend button for description of the dimension entries. After entering the dimensions; depress the Create Doubler
button. The drawing window will display the mounting (doubler ) you have defined.

Next, enter the bolt and fastener information. The nominal fastener diameters can be changed, but must be within
the range of the types of fasteners chosen on the Materials page. As designs MUST be symmetrical about the x-
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axis, the user only enters the number of bolts and fasteners above the x-axis. After entering the average pitch,
depress the Update Grids button. This will populate the Bolt and Fastener grid with the appropriate number of
cells. Enter the exact locations (distance from the center if the cutout) in both the x and y directions. Once all the
bolts and fasteners are entered, depress either the Apply or the Update Drawing buttons. This will display the bolts
and fasteners in the Drawing Window.

Fastener and bolts can be updated by entering new values in the appropriate grid cell. They can also be updated by
Selecting a fastener (bolt) above the x-axis; and either moving it with the mouse or the cursor keys. The
corresponding fastener (bolt) below the x-axis will also be moved.

Click the “Close” button to close the Design property sheet.

Mouse click the “A” on the tool bar to activate the Analysis property sheet.

Notes:
The Nominal Diameter defaults to the Type 1 fastener defined in the Material page. The Nominal
Diameter is used to established the Pitch and Edge min/max values from the Advisory System.
Pitch and Edge Distance:
Under the Pitch and Edge Distance (in) section of the dialog window, the user specifies the pitch and edge
distances of the fasteners, which otherwise default to the settings selected in the program setup. These
values are bound by the min/max values stored in the Advisory System as determined by the nominal

fastener diameter. In models with stiffener effects and/or joints with existing fasteners, the pitch is fixed to
that of the existing fasteners.
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7.4.8.2 Fuselage Repairs
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Figure 7-15
The Geometry page provides the input for the Nominal Pitch, Pitch and Edge Distances, Fastener Rows per Side.
The dimensions of the design layers are displayed near the bottom of the page.
After “Applying” the geometry, mouse click the “Close” button to close the Design property sheet.
Mouse click the “A” on the tool bar to activate the Analysis property sheet.

The Nominal Diameter defaults to the Type 1 fastener defined in the Material page. The Nominal Diameter is
used to established the Pitch and Edge min/max values from the Advisory System.

Pitch and Edge Distance:

Under the Pitch and Edge Distance (in) section of the dialog window, the user specifies the pitch and edge
distances of the fasteners, which otherwise default to the settings selected in the program setup. These values are
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bound by the min/max values stored in the Advisory System as determined by the nominal fastener diameter. In
models with stiffener effects and/or joints with existing fasteners, the pitch is fixed to that of the existing fasteners.

Fastener Rows Per Side:

Each layer, other than the Skin, must have fastener rows defined:

1. Select a Layer.

2. Enter the appropriate number of rows for each side of the cutout. Some of the edit fields may not be
accessible. This could be that the design does not call for a row of fasteners or the design is symmetrical; in
which case, the program will automatically enter the rows necessary. Use the guidelines shown in the
figures below. Rule of thumb: For 2 layers on the same side of the skin, the layer closest to the skin will
always have an extra row of fasteners. An internal layer will always have a extra rows of fasteners, if used
with an external layer.

3. Repeat the process for each layer.

Fastener Row limits vary by type and configuration. Limits are 1 to 5; the program will give hints on the status bar.
Fastener Row Examples:
For repair type 1, the internal doubler should be larger than the external doubler. The internal doubler should be

sized such that the single outermost fastener row passes through the skin and the internal doubler as shown in the
figure below.
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For repair type 2, the external doubler 2 (inner) should be larger than the external doubler 1 (outer). The doublers
should be sized such that the single outermost fastener row passes through the skin and the external doubler 2 (inner)
as shown below.
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7.4.8.3 Joint Allowable Calculations (both types):

"Outer" layer allowables are contained in the Fastener Database. "Inner" layer allowables (straight shank —
single/double shear) are derived by calculating the shear allowable and the bearing allowable for the fastener at each
layer and then using the smaller of the two as the joint allowable. The following formulas were used in the
calculations:

Countersunk Fasteners with Straight Shank Holes:

Shear Allowable = Shear Strength(lbs) x Correction Factor x 2 (if Double Shear )

Bearing Allowable = Fgry (Layer Material) x Layer Thickness x Fastener Hole Diameter x 1000
Straight Shank Fasteners:

Shear Allowable = Fgy (Fastener) x Shank Area x Correction Factor x 2 (if Double Shear) x 1000
Bearing Allowable = Fppy(Layer Material) x Layer Thickness x Fastener Hole Diameter x 1000

1. Shear Strength from Fastener Database (data from MIL-HDBK-5F, 1 November 1990)

2. Correction Factor from MIL-HDBK-5F, 1 November 1990, Table 8.1.2.1(b)

3. Fpry from Material Database (e/D = 2.0 from MIL-HDBK-5F, 1 November 1990)

4. Fgy from Fastener Database ((data from MIL-HDBK-5F, 1 November 1990)
5. Shank Area = ( (Fastener Diameter)’ x PI) / 4

47



7.5 Analysis Property Sheet
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Figure 7-16

This activates the Analysis Property Sheet containing the pages to create a design. On a new design, only Airplane
Data will be available; the other choices being “grayed out”.

On an existing design, the user can use the menu to navigate rapidly to a particular page. In this example, the

existing design did not call for Consider Proximity Effects in the DTA Options page, so the Proximity page
remains unavailable
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7.5.1 Airplane Data
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Figure 7-17

This is the first page of the "Analysis" property sheet. The pages contain are Airplane Data, Location, DTA
Options, Load/Stress, Proximity Data, Run Analysis, and Results.

The Airplane Data is used to determine the type of airplane and whether RAPID can supply spectrum data for the
Load/Stress page to use to calculate equivalent stress.

If RAPID can’t supply the spectrum data, the user is advised to provide a stress spectrum or equivalent stress.

49



7.5.2 Location
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Figure 7-18

The Location page is where the user defines where the design location resides on the fuselage.

This window is used to define the location of the damage on the aircraft in relation to several pre-defined regions,
which may be viewed by drawing at the bottom of the page.

This input is used to when calculating the equivalent stress at the design location.

Select the Zone in which the design location resides.

Enter the total distance for the Zone in Length “S” of Zone

Enter the distance from the front of the Zone to the design location in Distance “L” on Zone map
Enter the distance from the Distance “D” on Zone map

Enter the Fuselage Radius Near Design Location

A e
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The OK button updates the current model with any information entered in the window and then closes the window.
The Cancel button exits the window without saving any new entries. Finally, the Help button retrieves help
appropriate to this window.
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7.5.3 DTA Options
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Figure 7-19

The DTA Options page provides options for the damage tolerance analysis.

It is recommended to use the Simplified Method (equivalent stress method) initially instead of the cycle by cycle
method. The cycle by cycle method will take hours to run. The equivalent stress method will provide answers
approximate to the cycle by cycle method but much faster. If the equivalent stress results are not adequate then the

user should use the cycle by cycle method.

Proximity effects are currently only available for Common Fuselage Repairs
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7.5.4 Load/Stress
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Figure 7-20

The Pressure Differential is used to define the limit load condition. User input is required if User Defined
Equivalent Stress or User Defined Stress Spectrum is selected. See section 3 and the Analysis Methods
Document for further details on the limit load condition

The Load/Stress page is where the load and stress information is input.

After “Applying” the input, the program may run a fortran dll to calculate the equivalent stress. The message bar at
the bottom of the program window will indicate if this is happening. The fortran dll only runs for a minute or two.

This dialog window is used to select the stress spectrum applied during the damage tolerance analysis. The
Equivalent Stress defines the constant stress amplitude at the repair location. See section 3 and the Analysis
Methods Document for further details on the equivalent stress. If the equivalent stress is supplied, then the other
input fields are not used. Otherwise, the Stress Spectrum is selected from one of the RAPID Defined spectra or
from a User Defined file.
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User Defined Stress Spectrum (ascii) must be in one of the two following ASCII text file formats. Examples of
these files are included with the RAPID distribution as PSEUDO . SSF and CYCLES . SSF for pseudo-flights and

cycle-by-cycle, respectively. These are only examples of the input format; they are not intended to be used as test
files.

1. Pseudo-Flights (in repeatable flight sequence)

mtype

mflt

ifltseq, ifltseq, ifltseqs ... ifltsequn;

meyc,

Smin; Smax; Smin, Smax, Smingeyei SmaxXmeyel

meyc,

Smin; Smax; Smin, Smax, Sminpeyer Smaxmeyeo

mcycmtype

Smin; Smax; Smin, Smax, . Sminpeyer Smaxmeyemtype

where mtype is the number of different flight types specified (maximum=20)
mflt is the number of flights in the spectrum (maximum=6000)
ifltseq contains the sequence of the flight types
mcyc is the number of cycle pairs for the flight type (maximum=1000)
Spin 18 the minimum stress
Siax 18 the maximum stress
2. Cycle-by-Cycle Stresses (in repeatable block)

mflt

meyc,

Smin; Smax; Smin, Smax, Smingeyei SmaxXmeye

meyc,

Smin; Smax; Smin, Smax, Smingeyei Smaxmeyeo

mcycmtype

Smin; Smax; Smin, Smax, . Sminpeyer SmaXxmeyemtype
where mflt is the number of flights in the spectrum (maximum=6000)

mcyc is the number of cycle pairs for the flight type (maximum=1000)
Siin 1S the minimum stress
Sphax 18 the maximum stress

For the user defined spectrum, Rainflow Counting and Range Truncation Level must also be specified, as
documented in the Analysis Methods Document.

The input is parsed by RAPID according to the following flow chart:
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Stress Value
Provided by
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RAPID
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Set Crack

Growth Method =1

Set Equivalent
Stress Value = 0.0;
Set Crack
Growth Method = 2

l

Write to DADTA User
Input File
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=

Stregz Spectra for circumferential and
longitudinal stress will now be created.

Thiz procesz will run fram 1 minute to over an
hour depending on the speed of your computer.

Thiz process must be completed prior bo running
the Damage Tolerance Analyzis.

Do pou want o continue ?

Figure 7-21

BE¥'test2.rpd M= Ed

Funning Calculating Longitudinal Stress

[

Start Time: 08:23:16 Phd

Figure 7-22
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7.5.5 Proximity Data

= Prox.rpd : Analysis

1 - Airplane Data I 2 - Location
3-DTa Optiong I 4a - Load/Stezs
4k - Prowimity 0 ata | 5 - Run &nalyziz I G - Resulkz

— Reference Fastener Locations:
= Select quadrant containing the reference fasteners **

Subject Dezign - Prisirniky Design|1 *I

2 1

|
.
T

3 4

— Prosimity Design Geometry [in]:
Reference Fastener
Edge Distance

Longitudinal : I'I1 Langitudinal : » IEI.E
Circurnferential ; v IE! Circumferential ; o IEI.E

— Reference Fastener Diztance [in):
A ISEI A = [subject] - » [prosimity]
ap: |2 Ay =y [zubject] - v [prosimity]

Overall Size

! Mot To Scale

Zubject W

/1

Cancel Apply Help

Figure 7-23

This page is for input of the proximity data and is only available if Consider Proximity Effects was checked on the
DTA Options page. Proximity Effects are currently only available for Common Fuselage Repairs

The Proximity Data is used to define the size and location of a nearby repair so that its influence may be considered
in the analysis.

The location of the nearby (proximity) design is indicated by selecting a reference fasteners in both the subject and
proximity designs in the Reference Fastener Locations box.. This is done by selecting the quadrant where the
reference fastener is located. You can use the quadrant combo boxes or you can mouse click in the quadrant on the
pictures. The picture at the bottom of the dialog page will update as you make you selections, helping you to
visualize the relationship.

The geometry of the nearby (proximity) design can be entered directly under the Proximity Design Geometry

section. Enter the overall size of the proximity repair and the reference fastener edge distance for the proximity
design.
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The Reference Fastener Distances between the Subject reference fastener and the Proximity reference fastener are
entered in the Ax and Ay using the given formulas. Always remember that these distances are really the relationship
of the proximity repair to the subject repair. Negative numbers are permitted as indicated in the picture at the bottom
of the dialog page. Positive and negative numbers will change the picture accordingly.
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7.5.6 Run Analysis

W Prox.ipd : Analysis

1 - Airplane Data I 2 - Location
3 - OTA Options I 4a - Load Stress
ab - Praoximity D ata 5 - Run Analyziz | G - Resulk:

— Execute

¥ Static Analysis
[V Damage Taolerance Analysis

Confirm before minning Damage Tolerance
Analyziz

Do not Caonfirm before rinning Damage Tnleranceg

o

Fiun

Close Cancel Apply Help

Figure 7-24

On this Run Analysis page, the user can review the analysis input files.

The user decides which Analyses to run by checking the appropriate boxes, and indicating whether to be notified
after the Static Analysis has completed. The Run button becomes available after checking a box(es). Depressing
the Run button starts the Fortran DLLs. The dialog box below opens to indicate which analysis is running and when
it started. Once the analysis finishes, the elapsed time is recorded under the Run button.
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| Type3.pd

Running Damage T olerance Analyziz

Figure 7-25

This dialog box indicates to the user that the analysis is running and the time it started

The Cancel button stops the analysis. HOWEVER, the user will be advised that computer memory is probably
corrupted and should reboot the computer.

The source of this problem is still being investigated; use the Cancel button only as a last resort.
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Untitled_1 : Static Analysis Results

The repair doubler(z] iz[are]statically adequate.

The fastener jointz are statically adequate.

The zhear strength of the repair iz statically adeguate.
The repair stiffess iz acceptable.

The fastener bending iz acceptable.

For gtatic analysis detailz zee T abular Besults
i &nalyziz | Besults Page

Figure 7-26

The output can be displayed by selecting the Tabular Results on the Results page.

From the static analysis, the margins of safety (MS) based on the repair doubler allowable and the fastener joint
allowables are calculated to determine the adequacy of the repair as follows.

MS < 0: Repair is statically inadequate

MS = 0: Repair is marginally adequate

MS > 0: Repair is statically adequate
For repairs that are statically inadequate and marginally adequate, the repair should be redesigned.
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7.5.7 Results

= test? rpd - Analysis

3-DTA Optionz I 43 - Load/Stresz
1 - Airplane Data I 2 - Location
A - Brawmti Lata I 5 - Bun Analysis G - Resultz

— Static Analyziz

Yiew T abular Hesults

Ewmnrt Iatulan Hesults |

—Damage Tolerance Analysis

Wigw Tabular Results |

Exmarh et Hesults |

Wiew Crack Growth Flat |

"iews Residual Strength Plot |

Go to Report
FPhasze

Close Cancell Apply I Help I

Figure 7-27

From Results page, the user can review the Static Analysis and Damage Tolerance Analysis Output in both
Tabular and Plot form.
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7.5.7.1 Static Analysis Tabular Results

=5 Rapid - test2.rpd - Static Analysis Output
File Edit “Window Help
Close |) £ R | 7

SaveAs.. Drawing Window = testZ ipd : Analys

Frirtt... Ctrl+F 3-DTA Options

Pririt Prexiew 1 - Airplane D ata

Print Setup... b= Bt et
E'test2.ipd : Static Analysis Output

STATIC ANALYSIS BESULTS OF THE REPAIR

(i) MARGINZ OF SAFETY:
*** REPAIR DOUBLER(Z) ***

MARGIN OF SAFETY
(NONDIMENSIONAL)

SIDE
SIDE

SIDE 1: MARGIN OF ZSAFETY IS POSITIVE.
SIDE Z: MARGIN OF SAFETY IS POSITIVE.

THE REPATR DOUEBLER IS STATICALLY ADEQUATE.

*** FASTEMER JOINTS **=*

LOAD LOST LOAD LESTORED MARCIN OF SAFETY
(NONDIMENSIOMALY

Figure 7-28

This window displays the Static Analysis Output from the damage tolerance analysis for all four sides of the repair.
This window can be invoked from the Analysis | Results page.

To print this data, select the print button on the icon bar, or select the Print menu item within the File menu. The

Static Analysis Output window must be the active window to be printed. The user can also Copy this window to
the Windows clipboard for inclusion into another document --- Pasted.
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7.5.7.2 Damage Tolerance Analysis Tabular Results

Rapid - test2 rpd : Damage Tolerance Output
File Edit Window Help

LClose

Save Az

FPrirtt... Chil+F 3 - DTA Options
Prirt Preview

: 1 - Airplane Data
Prirt Setup... A= Erwinita [ ata

THE FOLLOWING 3 SETS OF QUTPUT ARE FOR THE LONGITUDINAL CRACES OF SIDE Z:

EULGING I2 NOT CONEZIDERED IN THE ANALYEIS FOR THE LONGITUDIMAL CRACE.

FEEEE CENTEE FASTENER wEEEE

FASTENER LOAD = 14_ 90545 POUNDSE (EASED ON 1000.0 PSI FAR FIELD REFERENCE STRESS)

(&) CRACK GROWTH LIFE:

TIP-TO-TIF CRACE GROWTH

CRACE LENGTH LIFE
[{INCHEZ) (FLIGHT®)

[ e e e e o

Figure 7-29

This window displays the Damage Tolerance Output from the damage tolerance analysis for all four sides of the
repair. (For a symmetrical repair, only sides 2 and 3 are available). This window can be invoked from the Analysis
| Results page.

To print this data, select the print button on the icon bar, or select the Print menu item within the File menu. The

Damage Tolerance Output window must be the active window to be printed. The user can also Copy this window
to the Windows clipboard for inclusion into another document --- Pasted.
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7.5.7.3 Crack Growth Plot

EE'test2.1pd : Crack Growth Plot
Crack Growth Life Plot - Side 2
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Crack Growth Life (Flights): Humber of Flights (1000 flights)
Longitudinal Crack

a) Center Fastener

b} Right Corner Fastener

) Antenna Cutout Connector Hole

Figure 7-30

This window displays the crack length versus number of flights plot from the damage tolerance analysis for all four
sides of the repair. (For a symmetrical repair, only sides 2 and 3 are available.) The predicted crack growth life at
each of the critical fasteners is indicated in the legend key. This window can be invoked only from the Analysis |
Results page. The plots can be generated for longitudinal cracks in the center and corner fasteners above and below
the cutout and for circumferential cracks in the center and corner fasteners to the left and right of the cutout. If there
are four points, then the plot will not be generated and a message box will be displayed.

The user can choose which side to view. If there is insufficient data to produce a Plot, the user will be notified with
an appropriate message.

The crack grows edge to tip and then tip to tip as defined in the figure below.

3o
(O=( -

Crack Grows
Into Hole

Edge-To-Tip Crack Length

Tip-To-Tip Crack

Initial Flaw Q Q
O O

Subsequent Growth

To print the plot, select the print button on the icon bar, or select the Print menu item within the File menu. The
Plot window must be the active window to be printed. The user can also Copy the Plot to the Windows clipboard
for inclusion into another document --- Pasted.
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7.5.7.4 Residual Strength Plot

EE'test?.1pd : Residual Strength Plot
Residual Strength vs. Crack Length Plot - Side 2
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(a) Center Fastener

ic) Antenna Cutout Connector Hole

Figure 7-31

This window displays the residual strength versus crack length plot from the damage tolerance analysis for all four
sides of the repair. (For a symmetrical repair, only sides 2 and 3 are available). The yield strength of the skin, Fyy, is
indicated by the solid horizontal line and the Load Limit is indicated in the legend key. This window can be
invoked from the Analysis | Results page. The plots can be generated for longitudinal cracks in the center and
corner fasteners above and below the cutout and for circumferential cracks in the center and corner fasteners to the
left and right of the cutout. If there are less than four points, then the plot will not be generated and a message box
will be displayed.

The user can choose which side to view. If there is insufficient data to produce a Plot, the user will be notified with
an appropriate message.

To print the plot, select the print button on the icon bar, or select the Print menu item within the File menu. The

Plot window must be the active window to be printed. The user can also Copy the Plot to the Windows clipboard
for inclusion into another document --- Pasted.
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7.6 Report Property Sheet

=5 Rapid - test2_rpd

File  Edit Wiew Desigh Analysiz | Beport Window  Help
0= & | | = | D A |  Aicraft Info..
Surnmary [nfarmatior...
Beport. .

= C:\Rapiditest?.rpd : Drawin

Fastenera:

Tres
‘§-- Critical fasteners
- M&31097-E, Dia=0.1875

Figure 7-32

This activates the Report Property Sheet containing the pages to create a design. On a new design, all pages are
initially available, as these pages only affect the Report.
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7.6.1 Aircraft Info

[ Beta_Ant1.rpd : Report

1 - Aircraft [nfo | 2 - Summary I 3 - Repaort I

— Aarcraft Infarmation

Operator (===,

todel Mumber I1 Gl

Seres Mumber |10

Flight Hours |3500 Cycles IWE":I

— Airzraft 10 /R eaqiztration Hurmber

Fuzelage Mo IF'EIE?EE S erial N.:._IE?EE43

Airplane Beqistration IN?EEE?E#E

Dperator Designatiaon IF'EEu:h'I 23

— Design Infarmation
Design |D |53znn-nn1 Rev IN B

Bart Mame/Murmber

Fuzelage Skin between station 23 and station 24
and stringer L4 and stringer L5, Part number

Carmment

Cancel Apply |

Figure 7-33

This page collects the information used for the first page of the Report.

If no information is supplied for a particular field, the entry “No information supplied” will appear on the Report for
that field.

68



7.6.2 Summary

= test2rpd : Report

1 - Aircraft Infa 2 - Summary I 3 - Repart I

Rieport Mumber ||

Analyst I

Approval Mame I

— Dezcnption of the Problem

B o

Coarrective Action

E &

Jugtifications

E I

Summary ¢ Conclusions

E I

=
a,
-

Close Cancel Apply. |

Figure 7-34

This page allows the user to supply more information for the Report.

If no information is supplied for a particular field, the entry “No information supplied” will appear on the Report for
that field.

The bottom 4 fields are multi-line edit fields to be used as mini editors. The maximum number of characters for each
of these fields is limited to 512 — including spaces, punctuation, and carriage returns.
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7.6.3 Report

= Typel.pd : Beport
1 - Airzraft [nfa I 2 - Summary 3 - Hepart |

5 rigtary Statement:
Y Hon

Statement - 1
Statement - 2

— Feport Dizplay Options:
~ Filez:
¥ Static Analysis Input
v Damage Tolerance |nput

Output files are alwaps included

— Plots:
¥ Residual Strength vz Crack Length
W Crack Length vs. Crack Growth Life

— Mizcellaneous;

¥ Show Equations and Sample Calculations

Yigww Bepart | Print Repart |

Close I Cancel | Apply. | Help

Figure 7-35

This page allows the user to choose which additional items will appear on the Report.

Select Proprietary Statement allows the user include a statement on the Report. Picking <None> bypasses the
printing of the statement. Statements can be added in using any of 2 methods --- (1) Double-click the right mouse
button in the Statement Box will bring up the Proprietary Statement Dialog. (2) The Proprietary Statement
Dialog can be accessed directly by choosing the File | Program Setup submenu.

The View Report allows the user the check the Report prior to printing. It also provides the user with the ability to
save the Report for inclusion in another document. Printing the Report from this view will NOT include the

Drawing and Plot views.

The Print Report sends the Report to the printer and “attaches” the Drawing and Plot views to the end of the
Report.

Changes in the Report options disables the View Report and Print Report buttons until the user Applies those
changes.

Close the property sheet by mouse clicking the “Close” button
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9. Appendices

9.1 Appendix A -- Material Database

The Database menu section of the Tools menu contains Materials and Fasteners menu selections, which are
described in the following subsections.

Material Databasze

R4PID DEFINED RECORD * Required Entry

— aeneral Infarmation

— Strength Properties
x Thicknessminllin.  0.0200 - Ok

# Thickneszimas](in. |0.0330
* Fhu
# Fry [ksi]

* Matenal

Temper ITE

Cancel

il

Surface IBare

o
n

Form IShEEt

Help

:

Orientatiamn IL-T
Reference Fey
II'v1iI hdbk 5G. table 3.21.0 (6], 1 Mo Fsu [ksi)

n
o0

Mew

Exizting

-

11T

— Mechanical Properties——————— Fbru e/D=1.5

* Youngs Modulus |1 0500 Fhru e/0=210
Poizzon's Hatio IEI.33 Fbry e/D=1.5

— Fracture/Crack Growth Properties—— Fbry e/D=2.0

5 Klc |E:3.3 Ke
walker 9.665E10 [Flane Strezs Fracture Toughness]
Wwalker IU.E?EE? = daddhl | ata File

Walker [2.78308 | Brawsel

Figure 9-1

SavE

[elete

This window is used to review and add to the database of materials available for analysis. There is no icon button
on the button bar of the main RAPID MDI window for this dialog window; it must be opened from the Database
menu item in the File menu.

The text in the upper right of the dialog indicates whether the current material is a RAPID-defined record or a user-
defined record. To add a new material, depress the New button. This will clear the entries to allow user-defined data
to be entered, which can then be saved by selecting the Save button or discarded by selecting the Existing button to
return to RAPID defined material or the Cancel button. To edit a user defined material, type the change and
depress the Save button. The OK button closes the window.

Only user-defined records can be deleted with the Delete button. The Delete dialog also allows the user to delete
entries for a particular Thickness.

The terms are defined as follows:

K. = Plane strain fracture toughness
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C, q, p =Coefficients of the Walker crack growth rate equation

da P
= qU-R)"K |
where
Kmax = the stress-intensity factor associated with the maximum stress in the stress
spectrum.

F.. = Allowable tensile stress
Fi, = Allowable tensile yield stress at permanent strain = 0.002
F., = Allowable compressive yield stress at permanent strain = 0.002

F,, = Allowable ultimate stress in pure shear (this value represents the average shearing stress over the
cross-section)

Fyr, = Allowable ultimate bearing stress
¢/D = Ratio of edge distance to hole diameter
Fory = Allowable bearing yield stress

K. = Critical plane stress fracture toughness, a measure of fracture toughness at point of crack growth
instability

If K, is not present, then it will be automatically calculated using the NASA/FLAGRO 2.0 equation:
K, ~(A Y
=1+B,e 0

Ic
where
ty=2.5 (Ki/Fy )’

When adding a new entry, if the Thickness (min) ficld is overwritten and then that field is exited by pressing the tab
key or selecting another field with the mouse, then the following dialog window will appear. This allows the user to

choose between adding properties at a new minimum thickness or changing the value of the minimum thickness for
the current record

Material D atabaze

Are vou adding a new Strength Properties
Recard? Select <MO> if pau are changing
the Minimurn T hickness of the curent

record.
Mo I Ear‘u:ell

When the Delete button is selected, the following dialog appears to allow the user to choose between deleting the
entire record or simply the material strength properties for the displayed material thickness.
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<+ Delete entire Material Record

Cancel

b Delete Material Strength Properties record
for thiz Matenial Thickness [min]

9.2 Appendix B -- Fastener Database

Fastener Databasze

FAFID DEFINED RECORD

— Diameter/Shear Strength:

Sheet Material [2024-T3 Fastener Diameter [in] |_u.1 275 ,|
Type [Material Stiffress] |3 - Steel 'I Mom. Shank Diameter [in] ||:|_‘| a0

Deseiption |Alloy Steel Shear Strength (1bs] 2126

Fastener Material Fau [ksi] I?E

Style I 4 - Threaded j Sheet M aterial/allowables:

Head Geometry I 7 - Flush j kd aterial Thicknesz [in] IEI.EISE vI

j Joint Allowable [Ibz] for
above fastener diameter | 433
Femarksz at thiz matenial thickness

IFIush 1007 zcrew

Hale I'I - Counterzunk,

Reference
|h-1i| hdbk 5, tab 8.1.5.2 [a1]

(] I Cancel

= | E xizting |

Sawve | [elete |

Figure 9-2

This window is used to review and add to the database of fasteners available for analysis. There is no icon button on
the button bar of the main RAPID MDI window for this dialog window; it must be opened from the pull-down
Database menu item in the File menu.

To add a new material, depress the New button. This will clear the entries to allow user-defined data to be entered,
which can then be saved by selecting the Save button or discarded by selecting the Existing button to return to
RAPID defined fastener or the Cancel button. To edit a user defined fastener, type the change and depress the Save
button. The OK button closes the window.
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When adding a new entry, if the Fastener Diameter field is overwritten and then that field is exited by pressing the
tab key or selecting another field with the mouse, then the following dialog window appears. This allows the user to

choose between adding properties at a new fastener diameter or changing the value of the fastener diameter for the
current record.

Fastener Database

Are you adding a new Diameter/Shear Strength
Fecord? Select <MO: if vou are changing
the Fastener Diameter of the current recard.

Mo I Eancell

Similarly, when adding a new entry, if the Material Thickness field is overwritten and then that field is exited by
pressing the tab key or selecting another field with the mouse, then the following dialog window appears. This
allows the user to choose between adding properties at a new material thickness or changing the value of the
material thickness for the current record.

Fastener Databaze

Are vou adding a new Sheet M aterial/dlowables
Recard? Select <M if yau are chanaging
the Material Thickness of the curent

record.
Mo I Eancell

When the Delete button is selected, the following dialog allows the user to choose between deleting the entire
record, the portion of the data associated with the displayed diameter, or the portion of the data associated with the
displayed material thickness.
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9.3 Appendix C -- DTA Options — Advanced User

W test?.1pd : Analyzis

Aty - Erapimmty et I G- B Snalyss I B - Hesulis
1 - Airplane Data I 2 - Location
3-DTA Optionz | A5- LaadlEtess

Crack Growth bethod:

i iSimplified Method [Usez Equivalent Stressk
" Cycle-by-Cycle Method [Uzes Stress Spectmum]

r Print Strezs Intensity Correction Factor in analysis
output

™| Earziden Froximity Effect

— Advanced Optionz:
— Center Hole Optionz - see Help for further digcuzsion
= 1 - Single through crack emanating from a

center hole

2 - Two different cracks emanating fram a

center hole

##* Cee drawing windaw far center hale #*

— Initial Crack Tiplg] [inch]

Primnary Crack, IEI.EIE SecandanErach IEI

[ Enable Retardation [&dvanced User Only)

Close Cancel Apply Help

Figure 9-3

The user may select between two Center Hole Options for the crack growth along with a corner
hole scenario, as defined below:

a. Scenario Type 1 (Center Hole) -

OWS" O
O O o.ooM.oos"

b.  Scenario Type 2 (Center Hole) -
0.005” C 0.05” O

O OO
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C.  Scenario Type 3 (Corner Hole) - Always Performed

O &0
O O O o.ooHooy

For the current version, the program is restricted to assuming a non-visual inspection method.
The crack growth method and retardation flags are set as documented in the Analysis Methods
Document.

The crack growth scenarios are defined as follows:

a. Scenario Type 1 (Center Hole) -

O 0_0.05” O
O O 0.005” : : 0.005”
b.  Scenario Type 2 (Center Hole) -

O 0.005” : 0.05” O
C. Scenario Type 3 (Corner Hole) - Always Performed

O O O O o.05”_O
O O O 0.005"_0—0_0.005"

O OO
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9.4 Appendix D -- Description of Analysis Input Files

The RAPID analysis programs are compiled FORTRAN DLL Applications:

Static Analysis - REPAIRS.DLL
Damage Tolerance - REPAIRD.DLL

Both DLLs read “initialization files” — these files contain the input, output, error, and database filenames that are
read by the analysis programs ( the following 2 filenames are hard-coded into the program ) :

Static Analysis - REPAIRS.@#$
Damage Tolerance - REPAIRD.@#$
Obtain the Data

The Static Analysis input is stored in the [~STA_INP] section of the saved repair configuration.

Open the saved file using any ASCII text word processor
Search for [~STA_INP]
Block this section and copy it to the clipboard
Paste from the clipboard to your input file
Example of the start of the section:

; [~STA INP]

REPAIR CONFIGURATION TYPE (1 External Doubler)
3

SKIN/DAMAGE : Number of Layers

The Damage Tolerance Analysis input is stored in the [~NDTA_INP] section of the saved repair configuration.

Use the above procedure to cut and paste to your document.
Example of the start of the section:

; [~DTA_INP]
4

REPAIR CONFIGURATION TYPE (1 External Doubler)
3
SKIN: Mat. Type

NOTE -- The input decks for both the static and damage tolerance files must NOT contain any blank lines.
The binary stress spectrum files used by damage tolerance analysis can be found by searching for the [~RPD_SP0]
and [~RPD SP1] sections of the saved repair configuration. The entries in these sections give the files names of the
stored data.
Example of the sections:

; [~RPD_SPO]

TYPE31. SO

; [~RPD_SP1]

TYPE31. S1
These file names are required for the initialization file described below.

Modify the Initialization File
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STATIC Analysis

The static analysis DLL, REPAIRS.DLL, reads the initialization file, REPAIRS.@#$

File specification for REPAIRS.@#$

repairs.inp
repairs.out
repairs.err

// input deck created by RAPID GUI
// output deck created by REPAIRD.EXE
// error file created by REPAIRD.EXE

These files can be named anything you wish, the program names them:

repairs.inp
repairs.out
repairs.err

The extension,

new f

ile.

<#>,

~sta_inp.<#>
~sta_out.<#>
~sta_err.<#>

is an integer the program assigns when it opens a file or starts a

DAMAGE TOLERANCE Analysis

The damage tolerance analysis DLL, REPAIRD.DLL, reads the initialization file, REPAIRD.@#$

File specification for REPAIRD.(@

repaird.
repaird.
repaird.
repaird.
repaird.
repaird.
1

repaird.
repaird.
1

repaird.
1

repaird.
1

repaird.
repaird.
repaird.
1

repaird.

Note:

inp
out
err
sif
mat
fst

// flag to
sp0
spl

// flag to
prx

// flag to
jnt

// flag to
stf
stb
lcf

// flag to
cir

//
//
/7
//

input deck created by RAPID GUI
output deck created by REPAIRD.EXE
output deck created by REPAIRD.EXE
*beta factors for baseline repairs
// *material database factors
// *skin stress factors for baseline repairs
indicate the next 2 files are the spectrum files to be used
// binary spectrum file(circumferential stress)created by RAPID GUI
// binary spectrum file(longitudinal stress) created by RAPID GUI
indicate the next file is the proximity file to be used
// *fastener load transfer factors due to proximity effect
indicate the next file is the splice joint file to be used
// *skin stress factors for splice joint repairs
indicate the next 3 files are the stiffener files to be used
// *skin stress factors due to stiffener effect
// *stiffener beta factors
// *life correction factor database for splice joints
indicate the next file is the circular file to be used
// *circular repair ratio factors

0=Do not read filename on next line; 1=read filename on next line.
* Do not change these file names

User may execute analysis with either proximity effect, stiffener effect, or splice joint. These effects cannot be
combined yet. So only one of the flags may be set to 1.

The following files can be named anything you wish, the program names them:

repaird.
repaird.
repaird.
repaird.
repaird.

The extension,

file.

inp
out
err
sp0
spl

<#>,

is an integer

~dta_inp.<#>

~dta_out.<#>

~dta_err.<#>

~rpd_spO.<#> // binary spectrum file - circumferential stress
~rpd_spl.<#> // binary spectrum file - longitudinal stress

the program assigns when it opens a file or starts a new
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9.5 Appendix E -- Description of RAPID.INI File

The RAPID.INI file is used to provide initialization and default data for the application.

It is structured like a generic Windows’ INI file. The text within the brackets [..] is called the “section” and the text
under each “section” are called “entries.” RAPID accesses and updates this file through the Tools | Setup menu.
RAPID is shipped without this INI file. With the initial run of RAPID, an INI file is constructed with hard-coded
data and file location entries on the current drive/directory.

The section/entry names must not be changed!!!

[Version]
Number=1.2

[File Locations]

Prog Dir=D:\RAPID2C
Data_Dir=D:\RAPID2C

Temp Dir=D:\RAPID2C
LoadS_Dir=D:\RAPID2C\LOADS

[RepairType]
Type=TYPE30
ProximityFlag=0 // O-false l-true
StiffenerFlag=0 // O0-false l-true
LapReversedFlag=0 // O-false l-true

[Report Options] // parts to be printed on the report

Static_ Input=0 // O-false l-true
Static Results=1 // 0-false l-true
DTA Input=1 // O0-false 1-true
DTA Results=0 // 0-false l-true
Residual Plot=0 // 0-false l-true
Flights Plot=0 // O-false l-true
Inspection Plot=0 // 0-false l-true
Analysis Notes=0 // 0-false l-true

[Fastener Datal
Long Pitch=1.0
Circum Pitch=1.0
Long_ Edge=0.5
Circum Edge=0.5
Style=NAS1097-E
Diameter=0.1875
Rows=3

[DTA Options]

Run Type=2

Crack Growth=1

Hole_ Options=1

Visual Method=0 // O-false l-true
Retardation=0 // 0-false l-true
PrimaryTip=0.05

SecondaryTip=0.0

OperatingPressure=
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[Stress Datal

EquivStress=1 //
//
//
EquivStressValue= //
SpectrumUsed=3 //
//
SpectrumName=Generic
InputFormat=1 //
//
RainFlow=0 //
Truncation=0 //

TruncRange=2.0

1-RAPID calculated with RAPID data

2- User entered value

3- RAPID calculated with User data
Equivalent Stress value

1-RAPID defined 2-User defined (binary)
3-User defined (ascii)

Narrow Body

1-Pseudo-Flights (repeatable flight sequence)
2-Cycle-by-Cycle Stresses (repeatable block)
0-false l-true

0-false l-true
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9.6 Appendix F -- Description of Stiffener Effects Regions

Damage Tolerance Input File

STIFF : MAX #, POS, Csa, YNG.MOD, HPIT

0 0.0 0.0 0.0 0.0
1 1.5 0.5 10500 0.909
0 0.0 0.0 0.0 0.0
0 0.0 0.0 0.0 0.0
1 26.5 0.5 10500 0.909
0 0.0 0.0 0.0 0.0
Region 0 ®Region 1 1 Region 2 1 Region 3 1 Region 48 Region 5

N

1 C@ 1 ]

0000000000000000000000O
0000000000 0DPO00000000GO0
00000000000000000000000
000 00000000H00000000A00

e 22

Fastener
#1 Fastener

#27

o
(o]

o
(o]
00000
00000
0000000000000000G
0000000000000 000¢

o
o
[e e}
oo

00000000000PO0OO0O00O00O00O00QOO
0000000000000 000000000O0
0000000000 0POOOO00O00OO00O0Q@OO
0000000000000 0000000000

00000000000000000O
00000000000000000
o
o

| M ] M h

Regions -Each repair has 6 regions numbered from left to right:

Region 0: Outside left (repair boundary) of the repair to the left most side of the repair (absolute distance)
Region I: Left most side of the repair to the left most side of the cutout

Region II: Left most side of the cutout to the center line of the repair

Region III: Center line of the repair to the right most side of the cutout

Region I'V: Right most side of the cutout to the right most side of the repair

Region V: Outside right (repair boundary) of the repair to the right most side of the repair

Stiffener Input Line fields:
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MAX # Number of stiffeners in region; maximum of 8 stiffeners per region

POS  Absolute position of the stiffeners in relation to the whole repair (from the left edge of the repair); for:
REGIONS 1-4, 0.0 < POS < Max.DoublerSize;
REGION 0, POS is the absolute distance of the stiffener away from the left edge of the repair;
REGION 5, POS is the absolute distance of the stiffener away from the right edge of the repair.

CSA  Cross-sectional area of the stiffener

YNG.MOD Young’s modulus of the stiffener

HPIT  Pitch of the fasteners in the stiffener

DBLR ID - If more than 1 repair doubler, indicate which repair doubler is being used in referencing the stiffener’s
positions, 1=first doubler and 2= second doubler. If there is only 1 repair doubler, then DBLR ID=1.

Note:  Each stiffener in a region has a position, cross-sectional area, Young’s modulus, and fastener pitch in the
stiffener parameters associated with it.

Although there might not be any stiffeners in the repair or region, enter 0 (or 0.0) in the number of stiffeners,
position, cross-sectional area, Young’s modulus and pitch parameters.
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